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A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 
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earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )[3 Responsive to communication(s) filed on 15 October 2003 . 
2a)E3 This action is FINAL. 2b)D This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 11, 453 O.G. 213. 

Disposition of Claims 

4) [2I Claim(s) 1-62,64-67.69,70 and 72-76 is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5) D Claim(s) is/are allowed. 

6) |El Claim(s) 1-62,64-67.69,70 and 72-76 is/are rejected. 

7) D Claim(s) is/are objected to. 

8) Q Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) D The specification is objected to by the Examiner. 

1 n O The drawing(s) filed on is/are: a)D accepted or b)Q objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1 .85(a). 
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 
1 1 )□ The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 
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3.Q Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 
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since a specific reference was included in the first sentence of the specification or in an Application Data Sheet. 
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DETAILED ACTION 

Claim Rejections - 35 (JSC §102 

1 . The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(e) the invention was described in (1) an application for patent, published under section 122(b), by another filed 
in the United States before the invention by the applicant for patent or (2) a patent granted on an application for 
patent by another filed in the United States before the invention by the applicant for patent, except that an 
international application filed under the treaty defined in section 351(a) shall have the effects for purposes of this 
subsection of an application filed in the United States only if the international application designated the United 
States and was published under Article 21(2) of such treaty in the English language. 

2. Claims 1-20, 28-30, 33-42 and 60-76 are rejected under 35 U.S.C. 1 02(e) as being 
anticipated by Sun et al. (US 6,522,137). 

The applied reference has a common assignee with the instant application. Based upon 
the earlier effective U.S. filing date of the reference, it constitutes prior art under 35 U.S.C. 
102(e). This rejection under 35 U.S.C. 102(e) might be overcome either by a showing under 37 
CFR 1 . 132 that any invention disclosed but not claimed in the reference was derived from the 
inventor of this application and is thus not the invention "by another," or by an appropriate 
showing under 37 CFR 1.131. 

With respect to claims 1 and 65, Sun discloses a method for nuclear magnetic resonance 
imaging of an investigation region of formation surrounding a wellbore, comprising the steps of 
(Abstract): applying a series of non-linear magnetic field gradients (as seen on figures 7, 9, 1 1 
and 12 showing time varying gradients) to phase encode nuclei spins within the investigation 
region, wherein the strength of the magnetic field gradient applied is different from at least one 
previously applied magnetic field gradient within the series (Column 6, lines 27-64); and 
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detecting nuclear magnetic resonance signals from the investigation region resulting from the 
series of magnetic field gradients (Column 3, lines 2-13). 

3. With respect to claim 2, Sun discloses the step of mapping the signals to one or more 
angular segment of the formation around the wellbore (Column 13, lines 15-36). 

4. With respect to claims 3 and 67, Sun discloses the step of mapping the signals to one or 
more radial segment of the formation around the wellbore (Column 13, lines 1 5-36). 

5. With respect to claims 4 and 70, Sun discloses the step of mapping the signals to one or 
more axial segment of the formation around the wellbore (Column 13, lines 15-36). 

6. With respect to claim 5, Sun discloses the step of applying a static magnetic field 
circumferentially around the wellbore and into the investigation region (Column 4, lines 31-42). 

7. With respect to claim 6, Sun discloses the step of applying a RF magnetic field 
circumferentially around the wellbore and into the investigation region (Column 4, lines 31-42). 

8. With respect to claim 7, Sun discloses the step wherein each of the magnetic field 
gradients of the series of magnetic field gradients are oriented circumferentially into the 
investigation region relative to the wellbore (Column 4, lines 8-31). 

9. With respect to claim 8, Sun discloses the step wherein the series of magnetic field 
gradients are oriented radially into the investigation region relative to the wellbore (Column 4, 
lines 8-31). 

10. With respect to claim 9, Sun discloses the step wherein the series of magnetic field 
gradients are oriented axially into the investigation region relative to the wellbore (Column 4, 
lines 8-31). 
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1 1 . With respect to claim 1 0, Sun discloses the step of inducing a plurality of spin-echo 
signals from selected nuclei in the investigation region of the formation (Column 3, lines 2-14). 

1 2. With respect to claim 1 1, Sun discloses the step of canceling the applied magnetic field 
gradient prior to applying a magnetic field gradient for the next spin-echo signal (Column 7, 
lines 24-32). 

1 3. With respect to claims 12 and 61, Sun discloses the step of generating a sequence of 
pulses and spin-echoes, including gradient pulses from a single gradient coil that provides an 
azimuthally resolved image of a portion of the formation (Column 3, lines 2-14). 

1 4. With respect to claim 1 3, Sun discloses the step of generating a sequence of pulses 

and spin-echoes that provides a radially resolved image of a portion of the formation (Column 3, 
lines 2-14). 

1 5. With respect to claim 14, Sun discloses the step of generating a sequence of pulses and 
spin-echoes that provides an axially resolved image of a portion of the formation (Column 3, 
lines 2-14). 

16. With respect to claims 15 and 38, Sun discloses the step wherein during a single pulse 
sequence, the step of generating a sequence of pulses and spin-echoes comprises the steps of: 

i) During a first time period, applying a first RF pulse and a first gradient pulse in the 
investigation region and measuring the generated signals in the investigation region; 

ii) Canceling the first gradient pulse; 

iii) During a second time period, applying a second RF pulse and a second gradient pulse 
in the investigation region and measuring the generated signals in the investigation region, 
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wherein the second gradient pulse has an amplitude that is incremented from the first gradient 
pulse (Column 6, lines 46-64). 

17. With respect to claims 16, 33-35, 37, 41 and 62, Sun discloses the steps of generating a 
first pulse sequence comprising a plurality of phase alternated RF pulses, a first set of 
incremented phase altering gradient pulses and a first set of spin-echoes and generating a second 
pulse sequence comprising a plurality of phase alternated RF pulses, a second set of incremented 
phase altering gradient pulses, and a second set of spin-echoes, the first and second pulse 
sequence being sufficient to derive an azimuthal image of the formation surrounding the well 
bore (Figures 4-18, 20-28, 31-33 and 35-37). 

1 8. With respect to claim 1 7, Sun discloses the step wherein the first set of incremented 
phase altering gradient pulses is generated from a first gradient coil and the second set of 
incremented phase altering gradient pulses is generated from a second gradient coil, wherein the 
second gradient coil is angularly spaced from the first gradient coil within the wellbore, defining 
a gradient coil phase angle (Column 11, lines 36-55). 

19. With respect to claim 1 8, Sun discloses the step wherein the image of the formation 
mapped from the nuclear magnetic resonance signals from the investigation region has an 
azimuthal resolution substantially equal to the gradient coil phase angle (Column 3, lines 2-14). 

20. With respect to claim 19, Sun discloses the step processing the detected nuclear magnetic 
resonance signals to optimize the formation image (Column 4, lines 8-21). 

21. With respect to claim 20, Sun discloses the step of detecting the nuclear magnetic 
resonance signals while drilling into the formation (Columns 13 and 14, lines 60-67 and 1-10 
respectively). 
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22. With respect to claim 28, Sun discloses the steps of providing a plurality of gradient 
means positioned around the circumference of a logging device and selecting at least one of the 
gradient means to apply the magnetic field gradient to the formation (Figures 3 and 1 3, #54). 

23. With respect to claims 29 and 74, Sun discloses the step of simultaneously applying the 
gradient pulses from two or more gradient means to phase encode nuclei spins within the 
investigation region (Column 4, lines 8-22). 

24. With respect to claims 30 and 75, Sun discloses the step of controlling the amplitudes of 
the two or more gradient means to produce a cumulative gradient pulse effect, and defining an 
equivalent gradient coil phase angle (Column 6, lines 46-64). 

25. With respect to claims 36, 60, 66, 69 and 72, see rejection of claims 1-12 above. 

26. With respect to claim 39, Sun discloses the step of applying a fixed wait time between 
applying the RF pulse and the gradient pulse (Figure 1). 

27. With respect to claim 40, Sun discloses the step of applying a variable wait time between 
applying the RF pulse and the gradient pulse (Column 2, lines 18-50). 

28. With respect to claim 42, Sun discloses the step of controlling the amplitudes of the two 
or more gradient means to produce a cumulative gradient pulse effect (Column 6, lines 46-64). 

29. With respect to claim 64, Sun discloses the at least one gradient means comprises two 
gradient coils positioned approximately perpendicular to each other (Figure 13). 

30. With respect to claim 73, Sun discloses the step wherein the strength of the magnetic 
field gradient of greatest amplitude is chosen so that, when the magnetic field gradient is applied, 
it is at least strong enough to induce a phase difference between adjacent angular distance 
segments of at least 180 degrees (Columns 5 and 6, lines 21-67 and 1-67 respectively). 
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3 1 . With respect to claim 76, Sun discloses two gradient coils located perpendicular to each 
other (Figure 13). 

Claim Rejections - 35 USC § 103 

32. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 1 02 of this title, if the differences between the subject matter sought to be patented and the prior art arc 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

33. Claims 21-27, 31, 32 and 43-59 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Sun et al. (US 6,522,137) in view of Ganesan ct al (US 6,326,784). 

With respect to claims 21, 26 and 27, Sun discloses the claimed invention as stated above 
in paragraph 5 except for the step of partitioning the detected signals into a plurality of bins. 
However, Ganesan discloses partitioning the detected signals into a plurality of bins (Columns 
1 2 and 1 7, lines 6-15 and 12-20 respectively). Therefore, it would have been obvious to one of 
ordinary skill in the art at the time the invention was made to use Ganesan' s teachings in regards 
to the step of partitioning the detected signals into a plurality of bins with Sun method for 
nuclear magnetic resonance imaging of an investigation region of formation surrounding a 
wellbore for the purpose of acquiring azimuthal data of the region of interest in the formation 
wherein each bin represents the measured signals from at least an angular distance segments. 

34. With respect to claims 22, 24, 32 and 44, Sun discloses the claimed invention as stated 
above in paragraph 5 except for the step of partitioning a cross-section of the formation into a 
plurality of angular distance segments wherein each bin represents the measured signals from at 
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least one of the angular distance segments. However, Ganesan discloses the step of partitioning 
a cross-section of the formation into a plurality of angular distance segments wherein each bin 
represents the measured signals from at least one of the angular distance segments (Columns 12 
and 1 7, lines 6-15 and 1 2-20 respectively). Therefore, it would have been obvious to one of 
ordinary skill in the art at the time the invention was made to use Ganesan' s teachings in regards 
to the step of partitioning the detected signals into a plurality of bins with Sun method for 
nuclear magnetic resonance imaging of an investigation region of formation surrounding a 
wellbore for the purpose of acquiring azimuthal data of the region of interest in the formation 
wherein each bin represents the measured signals from at least an angular distance segments. 

35. With respect to claims 23, 31 and 43, Sun discloses the step of solving a series of Fourier 
transforms of the detected nuclear magnetic resonance signals (Column 6, lines 20-22). Also, 
Sun discloses the claimed invention as stated above in paragraph 5 except for the step of 
partitioning the Fourier transforms into a plurality of bins. However, Ganesan discloses 
partitioning the detected signals into a plurality of bins (Columns 12 and 17, lines 6-15 and 12- 
20 respectively). Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to use Ganesan's teachings in regards to the step of partitioning the 
detected signals into a plurality of bins with Sun method for nuclear magnetic resonance imaging 
of an investigation region of formation surrounding a wellbore for the purpose of acquiring 
azimuthal data of the region of interest in the formation wherein each bin represents the 
measured signals from at least an angular distance segments. 

36. With respect to claims 25, 46 and 55, Sun discloses the step wherein the strength of the 
magnetic field gradient of greatest amplitude is chosen so that, when the magnetic field gradient 



Application/Control Number: 10/05 1 ,479 Page 9 

Art Unit: 2859 

is applied, it is at least strong enough to induce a phase difference between adjacent angular 
distance segments of at least 180 degrees (Columns 5 and 6, lines 21-67 and 1-67 respectively). 

37. With respect to claim 45, see rejection of claims 4 and 21 above. 

38. With respect to claims 47 and 48, se rejection of claims 5 and 21 above. 

39. With respect to claims 49 and 50, see rejection of claims 6 and 21 above. 

40. With respect to claim 51, see rejection of claims 1-10 and 21-22. 

41. With respect to claim 52, see rejection of claims 12 and 16 above. 

42. With respect to claim 53, see rejection of claims 3 and 16 above. 

43. With respect to claim 54, see rejection of claims 4 and 1 6 above. 

44. With respect to claim 56, see rejection of claim 29 above. 

45. With respect to claim 57, sec rejection of claim 30 above. 

46. With respect to claims 58 and 59, see rejection of claims 1,21 and 22 above. 



Response to Arguments 

47. Applicant's arguments filed October 15, 2003 have been fully considered but they are not 
persuasive. 

48. Applicant argues that the prior art fails to teach or fairly suggest the gradient field to be 
non-linear. 

49. The examiner disagrees with applicant's argument because the prior art discloses gradient 
pulses varying in time as shown in the Figures 7, 9, 1 1 and 12 which are considered to be the 
claimed non-linear gradient field. 

50. In addition, applicant argues the following: 
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a. With respect to claims 1 1 and 1 5, Sun does not teach or suggest Applicant's 
gradient dephasing sequence. 

b. With respect to amended claims 12 and 61, Sun does not teach or suggest 
azimuthal imaging using a single gradient coil. 

c. With respect to amended claims 16, 37 and 62, Sun does not teach or suggest 
deriving an azimuthal image from two pulse sequences. 

51 . In regards to applicant's arguments above, the examiner disagrees in view of the rejection 
above for each corresponding claim. 

Conclusion 

52. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1 .136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the mailing 
date of this final action. 
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53. The prior art made of record and not relied upon is considered pertinent to applicant's 
disclosure. The additional prior art cited in the PTO 892 discloses logging tools NMR systems 
with time varying gradients. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Dixomara Vargas whose telephone number is (703) 305-5705. 
The examiner can normally be reached on 8:00 am. to 4:30 pm.. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Diego Gutierrez can be reached on (703) 308-3875. The fax phone numbers for the 
organization where this application or proceeding is assigned are (703) 872-9306 for regular 
communications and (703) 872-9306 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or proceeding 
should be directed to the receptionist whose telephone number is (703) 308-0956. 





November 20, 2003 



Diego Gutierrez 
Supervisory Patent Examiner 
Technology Center 2800 



